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the analysis and testing of benchmark specimens. 
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In interpreting the results presented in this section it is important to emphasize the 
following comments and assumptions made in the analyses: 

(1) The analyses were performed with the goal of obtaining global stress and deformation 
estimates rather than performing a detailed stress analysis of any particular tile design. 
The objective was to obtain a relative assessment of the various design options and 
attachment types. A detailed analysis would be performed later once concepts and 
materials have been down selected to a more manageable number of combinations. It is 
expected that a detailed analysis, which would include such details as the T or + shaped 
connections between the face sheet and egg crate, would give more accurate and higher 
stress estimates than those obtained in the present global analyses. 

(2) Consistent with the goal of obtaining global estimates, the finite element analyses were 
performed using smeared composite face sheet and egg crate properties. Thus, the 3-D 
brick finite element model contained the following three material regions: Face sheet, egg 
crate, and metal (back structure). The model allows relative displacement between the tile 
and the back structure through the use of contact elements in ABAQUS finite element 
code. 

(3) It was assumed (based on previous studies at P&W) that there is negligible pressure 
differential between top and bottom of the tile. The main effect of the pressure is to bend 
the back structure. Therefore, the effect of pressure can be modeled by applying a given 
displacement to the metal back structure. The difficulty of not presently having a 
definitive back structure deflection estimate was circumvented by applying a 1.0 inch 
(unit) deflection per 100 inch of back structure length. Since the analyses are more or less 
linear (except for the possible effect of nonlinear contact between tile and back structure). 
These unit displacement solutions can be later scaled to correspond to the actual back 
structure deflections once those estimates become available. However, it is expected that 
overall 1 .0 inch per 100 inch deflection is not unrealistic. 

(4) Thermal stress analyses were performed by imposing a thermal gradient across the tile 
height and back structure based on estimates provided by P&W. Again, consistent with 
the goal of obtaining global stress estimates, local temperature variations through the face 
sheet and egg crate cell wall were ignored. Instead a global thermal gradient shown in 
Figure 1 1 was used. 

(5) CMC ply properties were assumed to be linear elastic and orthotropic. The material 
properties were provided by GEAE and P&W. These properties were updated several 
times during the course of the present work. With NASA s concurrence, analyses were 
performed always using the latest update, but not repeating previously completed 
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48 inches and L=6 to 60 inches) and face sheet thickness range (tf = 0.07 to o. 15 inch) 
considered in the analyses of concepts B, C and D of row (i) of Figure 44 for the SiC/SiC 


material (BFG 3-D) material. 








Using 50% of the ultimate tensile strength (UTS) as the allowable stress, the concept C 
tile size may need to be restricted to less than 15" x 15"; unless more detailed analyses 














NAS A/CR— 2005-2 13327 


10 













NAS A/CR— 2005-2 13327 


11 

















NAS A/CR— 2005-2 13327 


12 










was 


occurring 


udy. The 
recorded 
ic joint of 


•6. These 











NAS A/CR— 2005-2 13327 


14 















NAS A/CR— 2005-2 13327 


15 




















I SiG 
;e coe 
racks 
ch T- 
;rack; 
show 
new 











NAS A/CR— 2005-2 13327 


18 








strain responses and failure mechanisms. 
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Maximum Compressive Stress in Side-Wall of 
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Thermal Stress In Acoustic Tile 
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Figure 7. 


NAS A/CR— 2005-2 13327 


31 






Table 2. 

Materlals/Desige Assessment: 
Acoustic tile with Integral face-sheet & core 
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Table 4. Initial Candidate Material Systems for CMC Acoustic Tile Liner. 


2D Araercom SiC/SiC 

BF Goodrich SiC/SiC 
Coming-Kaiser SiC/SiC 
DuPont/Lanxide SiC/SiC 


GE/Hexef Oxide/Oxide 
UTRC UT-22 

3D Tecfaniweave Oxide/Oxide 

PW Altex/Alumina 
PW Nextel 440/ Alumina 
PW Nextel 440/Silica 
UTRC Nicalon/1723 
UTRC UT-22 
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Figure 13. 
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Integral Acoustic Tile: 
Backstructure Deflection (1in./100in. 
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Figure 14. 
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Integral Acoustic Tile: 
Baekstrueture Deflection (1in./100in. 



Figure 17. 
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Figure 19. 
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Figure 20. 
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Integral Acoustic Tile: 
Backstructure Deflection (1in./100in. 
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Figure 21. 
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Figure 22. 
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Integral Acoustic Tile: 
Transient Thermal Loading (Takeoff) 



Figure 23. 
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Integral Acoustic Tile: 
Transient Thermal Loading (Takeoff) 
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Figure 24. 
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Integral Acoustic Tile: 
Transient Thermal Loading (Takeoff) 



Figure 25. 


NAS A/CR— 2005-2 13327 


52 




mas 


Integral Acoustic Tile: 
Transient Thermal Loading (Takeoff) 
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Figure 26. 
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Figure 28. 
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Figure 29. 
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Figure 30. 
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Integral Acoustic Tile: 














Integral Acoustic Tile: 
Transient Thermal Loading (Takeoff) 
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Figure 34. 


NAS A/CR— 2005-2 13327 


61 





integral Acoustic Tile: 
Transient Thermal Loading (Takeoff) 



Figure 35. 
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Figure 36. 
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Figure 37. Schematic views of a new tile design concept. 
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Integral Acoustic Tile: 
Backstructure Deflection (1in./100in.) 



Figure 38. 
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(a) 



Figure 45. An imperfect T-joint before (a) and after (b) the tensile-flexural test 
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(b) 

Figure 46. Delamination propagation at a GE/Hexcel 2D T-joint 
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(e) 


Figure 46. Delamination propagation at a GE/Hexcel 2D T-joint (continued) 
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(b) 


Figure 47. Bending failure for a B.F. Goodrich 3D SiC/SiC T-joint 
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for an Oxide/Oxide- 3D notched specimen (damage shown as white areas 
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45 


Figure 60, Transverse Normal Stress a. 
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Fig. 63b. Min & Max G-JS , Top of the 1st layer (90°) of the [0/90], laminate. Load value is 200 lb. 
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